1. Introduction {#sec1}
===============

The skeletal muscle mass (SMM) is one of the important components for the study of health conditions and nutritional status of elderly people \[[@bib1],[@bib2]\]. It represents an important part of the fat-free mass in the human body, forming the metabolically active tissue. The value of SMM is related to the physical fitness and to the prevention of fractures \[[@bib1]\]. It is estimated that around 15%--20% of the elderly population have a deficit in the SMM which, associated with the reduced muscle strength, characterizes the presence of sarcopenia, which has a prevalence higher than 50% in elderly people aged ≥80 years \[[@bib3], [@bib4], [@bib5]\].

The SMM estimate "*in vivo*" can be performed by various methods, such as computed tomography, magnetic resonance and dual-energy X-ray absorptiometry (DXA) \[[@bib3],[@bib6]\], which are considered as reference methods (gold standard). However, these more expensive methods become inaccessible for population studies due to the high financial costs. Approximately 75% of the body muscle mass are in the appendicular area. This fact contributed for the development of predictive equations to estimate muscle mass for the entire body, using anthropometric data \[[@bib7]\], which procedure for collection is cheaper and more accessible, allowing the SMM calculation in epidemiological studies.

In Brazil, some studies evidenced that 2 predictive equations used to estimate the SMM of the entire body of elderly people are valid, when compared to the values obtained by DXA \[[@bib8],[@bib9]\]. Having in mind that functional changes are often consequences of diseases and/or common problems related to elderly people, loss SMM (sarcopenia) is considered the main precursor for the development of functional dependency in activities of daily living. The worsening of this process is pointed as a strong indicator of the decline of the elderly people\'s performance, and it is associated to the cost of treatments and care of elderly people \[[@bib4],[@bib8]\].

Thus, the determination of the SMM may be important for the diagnosis and monitoring of pathologies related to sarcopenia and nutritional aspects \[[@bib4]\] or for the behavior analysis of this body component in people who participate in physical exercise programs \[[@bib10]\]. Anthropometric indicators that allow the identification of the development of heart disease \[[@bib11],[@bib12]\], overweight and obesity \[[@bib13],[@bib14]\] and sarcopenia \[[@bib8],[@bib9]\] are used to determine the existing relationship between nontransmissible chronic diseases, obesity and muscle decrease. Therefore, considering the population aging and the increase in life expectancy for elderly people, there is a need for studies that focus on preventive measures, less expensive, to minimize body changes that occur due to inadequate aging.

Due to the increase in the prevalence of sarcopenia in the elderly population, this study aimed to relate the SMM to the body composition, functionality and physical performance in elderly people.

2. Methods {#sec2}
==========

This study was carried out in the city of Cuiabá, Mato Grosso State, Brazil, between 2009 and 2010, consisting of a subproject of the Brazilian Elderly Frailty Studies Network/Fragilidade em Idosos Brasileiros. It is a transversal, multicentric and population-based study, performed in 17 Brazilian regions, which were selected using sampling criterion by quotas with different human development indices \[[@bib15]\]. A total of 513 elderly people was interviewed through enrollment forms, based on Instituto Brasileiro de Geografia e Estatística\'s Census, which registered 17,329 elderly people \[[@bib16]\].

As inclusion criteria, some requirements were considered, such as: 65 years old or older, not be diagnosed with diabetes mellitus and/or hypertension, no use of drugs that would change the glycemia, 75% of attendance in Coexistence Centers, sign the consent form, and finish all the research phases of this study. Participants were excluded if they presented the following characteristics: age less than 65 years, severe mental retardation, Parkinson disease in the severe or unstable stage, terminal stage, amputations, major orthopedic limitations, and not complete all stages of this research. Thus, 126 participants were excluded from the study, remaining a sample of 387 elderly, representing the elderly population of Cuiabá at that time, which was estimated by demographic calculation and included by random draws \[[@bib15]\].

This research was carried out according to the Research Ethics Committee (protocol No. 196/96 CNS, being approved, No. 632/09).

2.1. Measurements {#sec2.1}
-----------------

A questionnaire was used to obtain general information such as name, address, telephone, age, and ethnicity. The body mass was measured in kilograms (kg) and the height in meters (m), using a 180 kg capacity digital platform scale (G-Tech, GM Sales & Services, New Delhi, India), with a precision of 0.05 kg, and a rigid tape measure of 3 m and 25.4 cm (Starrett, L. S. Starrett Co., Athol, MA, USA), respectively. From body mass and height measurements, the body mass index (BMI - kg/m^2^) was calculated.

A flexible and inextensible plastic tape, with a precision of 0.1 cm, was used to measure body circumference in centimeters (cm), according to conventional techniques. The arm circumference (AC) was measured at the midpoint between the acromion and the olecranon with the arm extended, the muscles relaxed and the palm of the hand facing the thigh. The neck circumference (NC) was measured at the mean height of the neck; calf circumference (CC) was measured with the elderly standing, at the largest protuberance of the calf; and thigh circumference (TC) was measured with the individual, also standing, just below the gluteal-fold.

The SMM can be obtained by validated \[[@bib17]\] mathematical equations \[[@bib7]\], using the following variables: age, sex, ethnicity, body mass, stature and the following circumferences adjusted by cutaneous folds \[[@bib7]\]: corrected AC, corrected TC, and corrected CC, as shown in [Table 1](#tbl1){ref-type="table"}.Table 1Equations for estimating skeletal muscle mass (SMM) in elderly.Table 1EquationStudyMathematical modelSMM ILee et al. \[[@bib7]\]$SMM\ \left( {kg} \right)\  = \ H\ x\ \left( {0.00744\ x\ AC^{2}\  + \ 0.00088\ x\ TC^{2}\  + \ 0.00441\ x\ CC^{2}} \right)\  + \ 2.4\ x\ G\ –\ 0.048\ x\ Age\  + \ Ra\  + \ 7.8$SMM IILee et al. \[[@bib7]\]$SMM\ \left( {kg} \right) = \ 0.244\ x\ BM\  + \ 7.8\ x\ H\  + \ 6.6\ x\ G\ –\ 0.098\ x\ Age\  + \ Rb\ –\ 3.3$[^1]

The nutritional status was evaluated by the mini nutritional assessment (MNA) \[[@bib18]\]. MNA is composed of 4 categories: anthropometry (weight, height, AC and CC, and weight loss), general care (lifestyle, medication use, and mobility), diet (number of meals, food, and liquid intake), autonomy to eat and perception of their nutritional status. Besides, the circumferences of arm, neck, and calf can be used as an analysis of nutritional status \[[@bib11],[@bib19],[@bib20]\].

Muscle strength was assessed by handgrip using a manual hydraulic dynamometer (Model SH5001, Saehan Corp., Masan, Korea). For measurement, the elderly was placed in a seated position on an armless chair, with elbow flexed at a 90° angle, adducted shoulder, forearm in neutral position and wrist with an extension between 0° and 30°. Three successive measurements were taken, with a 15-second interval between them, selecting the best score out of the 3 measurements.

The Brazilian version of the short physical performance battery (SPPB) was used to compare physical performance. It is an instrument made of three tests and it assesses, in sequence, the static standing balance; the usual walking speed (measured in 2 periods in a given round trip of 4 m); and the muscle strength of the lower limbs, by means of standing up and sitting down 5 consecutive times \[[@bib21]\]. The average speed traveled by the elderly was calculated, dividing the distance traveled by the time spent during the test.

The functional deficiency was determined using questionnaires on the instrumental activities of daily living (IADL) to classify the degree of independence/dependence for the daily life activities of this study\'s volunteers. The IADL questionnaire includes activities essential to maintaining personal independence \[[@bib22]\].

2.2. Statistical analysis {#sec2.2}
-------------------------

The descriptive analysis was performed for the sample characterization, showing the absolute and relative frequency (percentages) as well as the values of the averages and standard deviations. The Kolmogorov and Smirnov tests were used to verify normality, and then the Spearman correlation was applied to nonparametric data. We used the *t*-test for independent samples, Mann-Whitney to verify differences between genders. All tests were performed with a significance level of 5% (P \< 0.05) and a 95% confidence interval. We used the IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY, USA) in all analyses.

3. Results {#sec3}
==========

In [Table 2](#tbl2){ref-type="table"}, we can verify the comparative results of the sociodemographic, anthropometric profile\'s characteristics and the skeletal muscle prediction of the elderly men and women studied in this research. Smoking and alcoholism were more in elderly men (17.3% and 36.7%) than in older women (8.5% and 16.9%). We notice that elderly men had superior body mass, height, and upper calf and NCs. However, elderly women had a higher BMI than elderly men. The elderly men\'s SMM was higher in both prediction equations when compared to the elderly women.Table 2Comparison of the profile of elderly (n = 387).Table 2VariableMen (n = 141)Women (n = 246)p-valueAge, yr71 (65--93)71 (65--90)0.92Body weight, kg70.9 (43.5--116.2)62.2 (34.1--106.4)0.00Height, m1.65 (1.45--1.84)1.52 (1.29--1.70)0.00Body mass index, kg/m^2^26.2 ± 4.227.5 ± 5.10.01Arm circumference, cm29.5 (21.0--38.0)30.0 (19.0--49.0)0.02Thigh circumference, cm49.5 (32.0--93.0)53.0 (33.0--118.0)0.00Calf circumference, cm34.3 (25.5--45.0)33.0 (23.5--49.5)0.01Neck circumference, cm38.0 (31.5--55.0)34 (15.0--67.0)0.00Mini nutrition assessment25.5 (17.5--30.0)26.0 (10.5--30.0)0.65Skeletal muscle mass I, kg23.2 (14.5--36.4)17.2 (11.4--33.5)0.00Skeletal muscle mass II, kg27.3 ± 3.417.7 ± 3.50.00[^2][^3][^4]

Men\'s physical performance in all physical fitness tests was higher than that found in women. In addition, they scored higher in the instrumental activities of the daily living score ([Table 3](#tbl3){ref-type="table"}).Table 3Comparison between men and women of the physical performance and functionality of the elderly (n = 387).Table 3VariableMen (n = 141)Women (n = 246)p-valueSPPB balance4 (1--4)4 (0--4)0.02SPPB travel speed4 (0--4)3 (0--4)0.00SPPB sit and stand2 (0--4)2 (0--4)0.02SPPB total10 (1--12)9 (0--12)0.00Hand grip (kgf)30.1 ± 11.117.1 ± 6.20.00Average speed (m/s)1.68 ± 0.471.34 ± 0.420.00IADL0 (0--7)1 (0--7)0.00[^5][^6][^7][^8]

Both SMM mathematical equations correlated with age and positive correlation with anthropometric indicators (BMI, height, arm, calf, neck, and TCs) and IADL, with equation II having a stronger correlation than equation I. We found a correlation of equation I with all variables that assessed physical performance. However, equation II did not correlate only with the SPPB sitting and standing up. The handgrip was the physical fitness variable that best correlated in both equations, being stronger in equation II. The MNA did not correlate with the equations ([Table 4](#tbl4){ref-type="table"}). Did not find sex-specific correlation. Therefore, the sex-specific analysis and a similar result were observed.Table 4Relationship between skeletal muscle mass obtained by mathematical equations with anthropometric measurements, nutritional status, functionality and physical performance of elderly (n = 387).Table 4VariableSkeletal muscle mass ISkeletal muscle mass IIAge−0.179\*\*−0.191\*\*Height0,637\*\*0,745\*\*Body mass index0.178\*\*0.370\*\*Arm circumference0.306\*\*0.371\*\*Calf circumference0.464\*\*0.521\*\*Neck circumference0.507\*\*0.736\*\*Thigh circumference0,146\*\*0,116\*Mini nutrition assessment−0.068−0.042IADL−0.178\*\*−0.236\*\*SPPB balance0.174\*\*0.125\*SPPB travel speed0.245\*\*0.224\*\*SPPB sit and stand0.162\*\*0.096SPPB total0.235\*\*0.185\*\*Hand grip0.576\*\*0.625\*\*Average speed0.328\*\*0.309\*\*[^9][^10]

4. Discussion {#sec4}
=============

The main findings of the present study were that both equations presented a moderate correlation with the anthropometric indices and the handgrip, fragile with SPPB. The correlation with age was significant, but fragile, suggesting that other factors that make up a healthy lifestyle are interfering in the association, besides the age *per se*. The manual pressure force measured by the handgrip was the best correlated with the SMM equations, and the maintenance of muscle mass and strength depend on factors such as physical exercise and nutrition, reinforcing this reasoning \[[@bib23]\].

When analyzing the body composition by anthropometric indices, in our study that BMI presented a weak positive correlation with SMM. Following this thought, another study observed that individuals with normal SMM had lower values of BMI compared to individuals with low SMM. It was also observed that SMM was associated with BMI \[[@bib24]\]. Perhaps, this may be related to the increase in body mass, which is associated with SMM and, consequently, with physical performance \[[@bib25]\].

Our results indicate that the circumferences of the arm, neck, and calf can be used as an analysis of nutritional status, correlated with SMM, corroborating other studies \[[@bib19],[@bib20],[@bib26],[@bib27]\]. These relations between SMM and the circumferences may be explained by the regular health status (much of the eutrophic elderly sample) of our population. Anthropometric studies report a greater correlation between the circumferences and the total muscle mass in elderly individuals \[[@bib28]\], malnourished or dead \[[@bib26]\], as well as being more capable of stratifying nutritional status \[[@bib15]\].

It is known that elderly individuals with lower CC have a greater deficiency and less physical function \[[@bib19]\], besides being a measurer to identify the decrease of muscle mass in the elderly \[[@bib29]\]. However, in our study, the NC was the one that best correlated with SMM. It has recently been found that elderly people with greater NC enable the identification of overweight and obesity \[[@bib13],[@bib14]\] and there is a higher risk of developing cardiovascular diseases \[[@bib11],[@bib12]\]. Therefore, being more reliable than traditional risk markers, such as the BMI \[[@bib30]\], which had a weaker correlation, and the MNA that had no correlation with the SMM equations, suggesting that anthropometric measures are more efficient for stratification of nutritional status \[[@bib15]\].

In addition, scholars highlighted that SMM loss associated with decreased muscle strength and/or physical performance has an impact on the functional abilities of the elderly and may reflect especially on activities that require greater mobility and resistance \[[@bib4]\]. In the present study, the applied tests used physical valences involved for the adequate performance of daily tasks, being of low risk, it can be tested in several environments. For that matter, the SMM equations that help estimate sarcopenia were related to physical tests, with handgrip being the variable that was most strongly related to SMM.

Other studies, with common objectives, found the relationship between the decline in strength and muscle mass of lower and upper limbs, with the decline of mobility in walking activities \[[@bib31],[@bib32]\], and activities of going up and down steps, with reduced performance to get up and down \[[@bib33]\] and the occurrence of falls \[[@bib34]\]; in accordance with our findings, they also found stronger handgrip ratio.

The SMM obtained by equation II presented a weak correlation with the self-reported functional deficiency. Both equations I and II presented weak correlation with the other elderly\'s physical fitness variables. However, a moderate correlation with the muscular performance in the handgrip showed compliance with other findings, where they highlighted that the superiority of muscle mass was decisive for better physical performance \[[@bib35]\]. Low SMM correlates with functional disability \[[@bib36]\], dependence on daily life activities, and mobility decrease \[[@bib23],[@bib37],[@bib38]\].

As found in our study, others have identified that hand strength correlates with upper extremity strength and general body strength \[[@bib39],[@bib40]\]. This can be justified by the relation between the strength in the handgrip and the preservation of lean mass, demonstrated by the good correlation presented between this variable and the SMM of the legs, arms and appendicular muscle mass \[[@bib40]\].

First, because of the transversal design, we cannot make any causal inferences about the relation between SMM, physical performance, and nutritional status. Second, these results cannot be generalized to institutionalized older adults, who represent the most functionally disadvantaged segment of the population. Finally, there is no standardized and established quantitative definition of sarcopenia based on SMM, strength and/or physical performance, whether used in clinical practice or as an accepted therapeutic indication. Once the standardized methodology for the clinical evaluation of sarcopenia is established, the normal and abnormal measuring values need to be determined by considering biological and physiological measures of a reference population or distribution percentile in a population.

5. Conclusion {#sec5}
=============

Apparently, both equations are sensitive to obtain SMM, aiding in the sarcopenia diagnosis, nutritional status and physical performance condition of the elderly. Simple anthropometric measures used in the SMM equations may aid in the sarcopenia diagnosis and possibly be associated with future functional disabilities in the elderly. For the prognosis and follow-up of the muscle mass loss in this population, the most promising measures are the neck, arm, CCs, and palmar grip strength test.

Population studies, such as ours, on factors associated with decreasing muscle mass may provide more cost-effective strategies for establishing more effective and better preventive interventions and treatments. Thus, that can minimize disability and increase the independence of elderly people, being used as a reference standard for muscle mass indicators, nutritional status, and functional performance of the elderly.

Conflicts of interest {#sec6}
=====================

No potential conflict of interest relevant to this article was reported.

This research was supported by the National Council of Scientific and Technological Development - CNPq (nº 17/2006) and by the Foundation for Research Support of the State of Mato Grosso - FAPEMAT (002.017/2007). ORCID. Thiago Neves: <https://orcid.org/0000-0003-4946-3105>; Carlos Alexandre Fett: <https://orcid.org/0000-0002-7522-7985>; Eduardo Ferriolli: <https://orcid.org/0000-0002-5028-2451>; Milene Giovana Crespilho Souza: <https://orcid.org/0000-0003-1447-3821>; Adilson Domingos dos Reis Filho: <https://orcid.org/0000-0003-0955-6665>; Marcela Bomfim Martin Lopes: <https://orcid.org/0000-0003-0700-7005>; Neusa Maria Carraro Martins: <https://orcid.org/0000-0001-9071-4258>; Waléria Christiane Rezende Fett: <https://orcid.org/0000-0002-6938-6365>.

Peer review under responsibility of The Korean Society of Osteoporosis.

[^1]: BM, body mass; H, height; TC, thigh circumference; CC, calf circumference; AC, arm circumference; G, 1 for men and 0 for women; Ra, −2.0 for Asians, 1.1 for Afro descendants and 0 for Caucasians; Rb, −1.2 for Asians, 1.4 for Afro descendants and 0 for Caucasians.

[^2]: Values are presented as median (range)[a](#tbl2fna){ref-type="table-fn"} or mean ± standard deviation[b](#tbl2fnb){ref-type="table-fn"}.

[^3]: Mann-Whitney test.

[^4]: t-test for independent samples.

[^5]: Values are presented as median (range)[a](#tbl3fna){ref-type="table-fn"} or mean ± standard deviation[b](#tbl3fnb){ref-type="table-fn"}.

[^6]: SPPB, short physical performance battery; IADL, instrumental activities of daily living.

[^7]: Mann-Whitney test.

[^8]: *t*-test for independent samples.

[^9]: IADL, instrumental activities of daily living; SPPB, short physical performance battery.

[^10]: \*p ≤ 0.05. \*\*p ≤ 0.01.
